Hilda asteroids orbit at the outer edge, or just outside of the Main Belt, occupying the 2:3 mean motion resonance with Jupiter. It is known that the group shows a mixed taxonomy that suggests the mixed origin of Hilda members, having migrated to the current orbit both from the outer Main Belt and from the Trojans swarms. But there are still few observations for comparative studies that help in understanding the Hilda group in deeper details. We identified 125 individual light curves of Hilda asteroids observed by the K2 mission. We found that despite of the mixed taxonomies, the Hilda group highly resembles to the Trojans in the distribution of rotation periods and amplitudes, and even the LR group (mostly C and X-type) Hildas follow this rule. Contrary to the Main Belt, Hilda group lacks the very fast rotators. The ratio of extremely slow rotators (P >100 h) is a surprising 18%, which is unique in the Solar System. The occurrence rate of asteroids with multiple periods (4%) and asteroids with three maxima in the light curves (5%) can be signs of high rate of binarity, which we can estimate as 25% within the Hilda group.
INTRODUCTION
Hilda asteroids occupy the region between the outer Main Belt (MB) and the Jupiter Trojan swarms (Trojans hereafter), in 3:2 mean motion resonance with Jupiter. Due to the dynamical stability, the group is well defined in the proper element space, and two collisional families, Schubart and Hilda, can be confirmed around mean inclinations of 3 and 9 degrees, respectively (Schubart 1982; Brož & Vokrouhlický 2008; Vinogradova 2015) . A recent estimate by Terai & Yoshida (2018) suggests the existence of ∼ 10 thousand Hildas larger than 2 km, and a size distribution index of α = 0.38 ± 0.02. Extrapolating this power-law distribution to the 1 km range, we get an order of magnitude estimate of ∼ 10 5 Hildas larger than 1 km, which represents a few percent of the ∼ 2 million asteroids expected in the MB, as well as the 1-2 million asteroids larger than 1 km in the Trojan swarms. Thus, the Hilda group is 1-1.5 orders of magnitude less populated than the Trojans or the entire Main Belt, which still makes Hildas significant contributors to the Solar System small bodies, forming a bridge between the MB and the Trojan swarms.
For Hildas, the effect of perturbations from Jupiter are amplified by the 3:2 mean motion resonance, leading to a significant variation of the osculating elements. The group is named after (153) Hilda, its first discovered member. In the rotating reference system of Jupiter's orbit, a typical Hilda orbits along a "Hilda triangle", drawing a loop and residing in the triaxial libration points in aphelion for significant amount of time, while close to perihelion it transits to the consecutive libration point much faster. This way three density waves are formed along the orbit of Hildas, and two of these overdense regions orbit 60 degrees before and after Jupiter's actual longitude. There is a significant overlap between the Hildas and the Trojans, but due to the stability of the different families, the rate of exchanged objects is debated (Terai & Yoshida 2018) . There are also interactions between Hildas and the outer MB, since Hildas immerse in the MB outskirts close to their perihelion. So, due to their position and their motion, it is plausible that both MB asteroids and Trojan asteroids could contribute to the Hilda group members.
The power index of differential size distribution (α) is known to gradually decrease in the MB families (from 0.76 to 0.56 at the bright end, from 0.46 to 0.40 at the faint end), and lacking a definite pattern in the MB background (Parker et al. 2008) . α ≈ 0.38 (Terai & Yoshida 2018) of Hilda asteroids fits nicely into the power index distribution of the MB. However, Trojan asteroids again follow a steeper size distribution, around α = 0.44 (Szabó et al. 2007) with no significant break point, which reflects a separate dynamical evolution of the Trojan swarms and the Main Belt.
It is suggested that Trojans and outer MB asteroids exhibit different taxonomies (mostly C and X in the outer MB, mostly D and P in the Trojan swarms). Consistently with the dynamical position, D and P type Trojan asteroids, and C and X type outer MB asteroids are also observed in the Hilda group. Wong et al. (2014) suggested a terminology of Red and Less Red Hildas (R and LR, respectively). DeMeo & Carry (2013) defined selection criteria for different taxonomy classes in the gri slope vs. i − z parameter space. According to their criteria, there are C and X asteroids in the LR group, and R Hildas consist mostly P and D types.
Early solar system formation theories stated that Hildas originated in the middle solar system and were captured into their present-day orbits during a period of smooth migration (e.g., Franklin et al. 2004 ). Current solar system evolution models, however, mostly agree in a scenario in which the gas giants crossed a mutual mean-motion resonance sometime after the era of planet formation, resulting in a notable dynamical restructuring (e.g., Tsiganis et al. 2005 2012). According to these models many planetesimals which formed in the outer solar system were scattered inward during this period of dynamical instability; in this framework present-day Hildas and Jovian Trojans originate almost exclusively in these populations Roig & Nesvorný 2015) . Gil-Hutton, & Brunini (2008) ; Roig et al. (2008) ; Alvarez-Candal (2013); Brown (2017) and De Prá et al. (2018) studied the color distributions of Hildas and Jovian Trojans and they found them to be consistent with a scenario in which the color bimodality in both populations developed before they were implanted into their present-day orbits. They propose that the shallower magnitude distribution of the Hildas is a result of an initially much larger Hilda population, which was subsequently depleted as smaller bodies were ejected from the narrow 3:2 resonance via collisions, also suggesting a common origin for Hildas and Trojans as predicted by current dynamical instability theories of solar system evolution. Wong & Brown (2017) investigated the near infrared spectra of Hildas and found that Trojans and Hildas possess similar overall spectral shapes, suggesting that the two minor body populations share a common progenitor population. A more detailed examination reveals that while the red Trojans and Hildas have nearly identical spectra, less-red Hildas are systematically bluer in the visible and redder in the near-infrared than less-red Trojans. They argue that the less-red and red objects found in both Hildas and Trojans represent two distinct surface chemistries and attribute the small discrepancy between less-red Hildas and Trojans to the difference in surface temperatures between the two regions.
Trojans cover a wider range of inclination than the Main Belt, many members going up to 30 degrees inclination, while the eccentricity range of Hildas covers half of that of Trojans, and up to 20 degrees inclination represented by a few members. In essence, Hildas fit more into the Main Belt families in terms of size distribution characteristics; in position their orbits overlap with the Trojan swarms; and taxonomy suggests a region of mixed material of the Trojan swarms and the outer MB.
The comparison of the Trojan and the MB observations shows that there are significant differences between the rotation properties of MBs and Trojans, the average rotation period is lower and the rate of binaries is very high in the Trojan swarms (Szabó et al. 2017) . Also, distribution of the minimum density is truncated at a lower value for Trojan asteroids, which is an evidence of significant porosity, in comparison with the MB asteroids. Since the Hilda group is suspected to share the taxonomies of the outer MB and the Trojans, and these large asteroid reservoirs are dynamically coupled via the Hilda group, it is plausible that Hilda asteroids also exhibit a mix of rotation properties of the MB and the Trojan families. It seemed also plausible that the specific rotation properties characteristic to the MB and Trojan asteroids are also preserved in the LR and R group of Hildas, respectively. We investigate this question in this paper, and disproof this simple belief.
The scope of this paper is to provide unbiased period and amplitude distributions of Hilda asteroids, and also, to test differences between the rotational properties of Hildas of Main Belt-like and Trojan-like taxonomy.
OBSERVATIONS
The K2 mission observed more than a hundred Hilda asteroids, enabling a detailed analysis of this group. More specifically, trails of 103 Hildas were detected in the K2 Campaigns 6-18. There are multiple detections of 22 Hildas, and in total, there are 125 observations. We did not recover data for 15 objects that were observed in the very crowded stellar fields of Campaigns 7 and 11. The distribution of detected Hilda asteroids is plotted in Fig. 1 .
The log of observations is shown in the Appendix (Table 4), listing all detections, and providing separate lines in the case of multiple observations. This is necessary since the observational geometry could have changed sig-nificantly, also leading to e.g. the change of light curve amplitude due to the difference aspect angle.
The light curves were extracted by our tools developed to obtain photometry of moving objects in the K2 fields, following the processing scheme developed in Pál et al. (2015 Pál et al. ( , 2016 , Kiss et al. (2016) , and Molnár et al. (2018) . The pipeline is based on the FITSH software package (Pál 2012) . We registered the frames to the same reference system in order to perform differential image analysis. Astrometric solutions were derived for every mosaic frames taken during the campaign using the Full Frame Images (acquired once per campaign) as templates, to register the individual frames. In some cases we also enlarged the images by ∼ 3 times and transformed them into RA-Dec directions. This subpixel-level re-sampling and spatial transformation helped to decrease the fringing of the residual images in the next step, and, more importantly, allowed us to extract usable light curves for a few targets where the Point Spread Function (PSF) was not fully covered by the pre-selected pixel masks. We then subtracted a median image from all frames in the following way: a series of frames were drawn from the full sample to form a master median-combined image, which was then subtracted from the subsequent frames. The median frame was created from a subset of frames that did not contain the target. We applied simple aperture photometry to the differential images based on the ephemeris provided by the JPL HORIZONS service (Giorgini et al. 1996) .
The light curves obtained were analysed with a residual minimization algorithm . In this method we fit the data with a function
where f is the trial frequency, ∆t = T − t, T the approximate center of the time series, and A, B, and C are fit parameters to be determined. After folding the data with the trial frequency f , the dispersion of the folded light curve is calculated in N ∼ 10 frequency bins as a function of f . We search for the minima of the dispersion curves for each frequency. As it is demonstrated in Molnár et al. (2018) , the best-fit frequencies obtained with this method are identical to the results of Lomb-Scargle periodogram or fast Fourier transform analyses, with a notably smaller general uncertainty in the residuals.
A large fraction of K2 Hilda asteroids were also detected in the Sloan Digital Sky Survey (SDSS). Half of the detections had an entry field in the SDSS Moving Object Catalog (MOC; Ivezić et al. 2001; Jurić et al. 2002; Parker et al. 2008) , while the other detections were listed in SDSS PhotoObj files, not recognized as mov-ing targets. The detections were identified using the Solar System Object Image Search facility provided by the Canadian Astronomy Data Centre 1 . After collecting all K2 Hilda detections from SDSS MOC and PhotoObj files, we plotted the color distributions in the (r − i)-(i − z) color-color space (Fig. 2) . It is seen that Red and Less Red Hildas are convincingly separated (although some asteroids have error bars crossing the suggested boundary).
The measured rotation periods and amplitudes of all Hilda asteroids, and comparison to previous data in the literature is shown in the Appendix ( Table 5 ). The complete collection of light curves, folded light curves and time-frequency distibutions are also shown for all K2 Hilda asteroids in the Appendix.
ANALYSIS
In the upper panel of Fig. 3 , we plot the rotation rates against the absolute brightness of the observed K2 Hilda asteroids, in comparison with the Main Belt and Trojan asteroids and previous Hilda observations. A similarity is suggested between Hilda and Trojan asteroids, most importantly in the range of very slow rotation. The P > 5 d (rotation rate <0.2 d −1 ) wing is populated by many members of both the Hilda and the Jovian Trojan families, and almost completely avoided by Main Belt asteroids. Even, the two samples overlap in the 12 < H V < 13.5 where a direct comparison is possible. The K2 sample represents a large number of fainter asteroids, which can appear at higher rotation rates than the larger asteroids, which reflects the size dependence of the break-up velocity. In this sense, Hildas and Jovian Trojans also follow a similar distribution, suggesting a higher porosity of Hilda asteroids. This is again a similarity between Trojan and Hilda asteroids.
In the lower panel of Fig. 3 we compare the spin frequency distribution of Hilda asteroid with that of minor bodies from the main belt and Jovian Trojans. Data for these latter populations, as well as for the pre-K2 Hilda measurements are taken from the Light Curve Database (LCDB, Warner et al. 2009 ). Cybele asteroids were selected by their osculating orbital elemelents, taken from the Minor Planet Center MPCORB.DAT file, and crossmatched with the Light Curve Database. We required 3.28 au ≤ a ≤ 3.70 au, e ≤ 0.3 and i ≤ 25 • . Only 39 Cybele asteroids were identified with known rotation periods and absolute brightness below 15.5 mag, making it difficult to draw conclusions from the statistics in this group. For the main belt sample we excluded the data of asteroids families and included minor bodies that were 1 https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/ssois/ The spin frequency distribution of Hildas and Jovian Trojans are similar, with a prominent secondary peak at f ∼ 0.1 d −1 , not seen in the main belt population. If a double-Maxwellian distribution is fitted to the full Hilda sample the two peaks of the distribution are at f = 2.5 d −1 (P = 9.6 h) and f = 2.5 d −1 (P = 170 h). (Here it has to be noted that the Maxwellian shape is plausible if the group is collosionally relaxed. We do not know this, neither can we test the Maxwellian character of the distribution due to the small sample size. We just consider the Maxwellian fits because they nicely fit the distribution, give a firm statistics for a characteristic ro- tation period, but do not interpret this fit in the context of dynamical (non) relaxed state.)
Using the definition of slow and fast rotations by Pravec & Harris (2000) the ratio of slow rotators (f ≤ 0.8 d −1 ) is >20 % both among Hildas and Jovian Trojans, notably larger than in the main belt (9.5%, see also Table 1) . Similarly, very slow (P ≥ 100 h) rotators are also notably abundant in these two resonant populations. A direct comparison is possible in the size range (H V =10-14) where all three samples overlap. A factor of 2-3 larger number of slow rotators among K2 Hildas compared with the mostly ground-based Jovian Trojan and pre-K2 Hilda periods show that space surveys with long, uninterrupted time series photometry may more easily detect long period light curves. This has already been the case for the sample of main belt asteroids observed with K2 ) -the existence of a larger number of slow rotators in the main belt is expected to be confirmed by the TESS Space Telescope due to the longer coverage of uninterrupted observations, and also because the one-day alias periods do not emerge in uninterrupted data, and the period determination will be unique even for very slow rotators . Therefore, the comparison of the fraction of slow rotators among Trojans, Hildas and the Main Belt must be revisited after the completion of the TESS survey.
Fast rotators (f ≥ 7 d −1 ) are notably more common in the main belt (13.3%) than among Hildas and Jovian Trojans (2.1 and 0.2%, respectively). In fact, fast rotators are almost completely missing from the Jovian Trojan population. It has to be noted that the Hilda, Trojan and MB samples cover different size ranges in Fig. 3 : Trojans down to H V =13.5, Hildas down to H V =15.5 and MB asteroids down to H V =19, and the histogram in Fig 3 lower panel mixes together asteroid samples extending to differing small size limits. The upper panel of Fig. 3 may also suggest that the distribution of fast rotating MB asteroids really extends to higher rotation rates than Hildas and Trojans even at the area where all samples overlap, in the H V =13-14.5 range. This was previously explained by the likely low bulk density of these objects (Szabó et al. 2017 ). Using the rotation periods and light curve amplitudes we calculated the distribution of critical densities in the main belt, Jovian Trojan and Hilda populations ( Fig. 4) .
To account for the much larger number of main belt asteroids than Hildas and Jovian Trojans in our sample we randomly selected the same number of asteroids from the main belt sample as in the Jovian Trojan sample multiple times, and calculated the mean curve and the ±1σ confidence intervals (solid and dash-dotted curve in Fig. 4 ). The curves indicate a fast extinction of Jovian Trojans -they can be rarely found at ρ crit > 0.5 g cm −3 . Hildas, on the other hand, can easily reach ρ crit ≈ 2 g cm −3 , similar to the breakup limit of main belt asteroids. The high density wing of the main belt is not seen in the two resonant populations. The existence of high critical density Hildas has an important implication. While the low critical densities of Jovian Trojans is in agreement with their outer solar system origin (as discussed e.g. Szabó et al. 2017) , the ∼ 2 g cm −3 critical density of some Hildas indicate that their building material should be closer to that of main belt asteroids. This suggests a mixed, partly main belt, partly outer solar system, origin of Hildas.
Among Hildas with the longest periods, the typical amplitude is in the 0.4-1.0 magnitude range. As suggested in the case of slowly rotating, high amplitude Trojans (Szabó et al. (2017) and references therein), the high-amplitude, long-period Hilda asteroids can be considered as potential binaries.
Slow rotation of asteroids, however, could also be caused by other effects. This could be, e.g. the disintegration of high mass ratio (∼1:5) binaries through rapid transfer of rotational energy of the primary into the orbit of the secondary due to the irregular shape and gravity field of the primary (Harris 2002) . Small (D 20 km) main belt asteroids show a significant deviation from the Maxwellian distribution seen among larger asteroids. This can be well explained by a relaxed YORP evolution (Pravec et al. 2008; Vokrouhlický et al. 2015) for spin rates of f ≈ 1-10 d −1 . In this sense Hilda asteroids may also be susceptible to the YORP effect; Hildas in the K2 sample have H V ≈ 10.5-15.5 mag or D ≈ 3-40 km. However, in the whole Hilda sample, there are asteroids with slow rotation periods with D > 40 km (H < 10 mag) and the rotation periods in Cluster 3 are notably longer than that explained by the model of Pravec et al. (2008) . Hilda asteroids of different taxonomy classes are believed to be of different origin -C and X types are likely related to the main belt while P and D types to the Jovian Trojan swarms -and then evolved as a member of the Hilda group (see e.g. Szabó et al. 2017) . A major question related to the present survey was to decide whether the Hildas from different origin preserved the initial rotational properties, or they evolved toward a common distribution, characteristic of Hilda asteroids. Since there are few Hildas with identified R and LR taxonomy in our sample, the direct comparison of the distributions are inconclusive. Instead, we compared the R and LR subset of Hildas to the Trojan and Main Belt samples in our previous K2 publications (Szabó et al. 2017 (Szabó et al. , 2016 .
In Table 2 , we present the derived periods and amplitudes for those Hildas that had SDSS detections, too (either from MOC, or from our search from the Pho-toObj files). Here we give the r − i and i − z color indices, the R/LR classification of the Hildas, and the period and amplitude as involved in the following analysis. (In case of multiple observations, the periods derived in the different campaigns were averaged, and the largest observed amplitude was considered. In case of tumbler asteroids with multiple periods, the shorter period was considered. In the case of 185290, the dominant period in C08 and C13 agree within 2%, although visually C08 is better with three humps, and C13 is better looking with two humps. Since this issue cannot be decided from the current data, we included the two hump solution in the analysis.
In Fig. 5 , we plot the LR and R Hildas in the periodamplitude space, in comparison with main belt and Jovian Trojan asteroids in the K2 data. The distribution of R and LR Hildas and Jovian Trojan asteroids are apparently very similar, and we tested this similarity with the energy distance test as described by Székely and Rizzo (2004) . This test is a powerful alternative of the Kolmogorov-Smirnov test in arbitrary multiple dimensions, but since it avoids dimension reductions, it preserves the full information. To measure the distance, the data set has to be normalized along the independent dimensions. Hence, we normalized the amplitude in all distributions with the standard deviation of amplitude distribution of the (unified) Hilda asteroids, and the similar recipe for the period was followed, too. The test is evaluated using a so-called jacknife approach, which differs from methods involving the complete bootstrap. Here, only a single pair of random elements from both original samples are chosen and their assignment is commuted. This way, all test samples differ from the original distribution by a split of one single element only. If the samples are different, this change usually decreases the energy distance, because information is lost when distributions of different pattern are mixed together. The test statistics α will be the fraction when changing the single elements led to an increase of the energy distance, therefore significantly differing distributions are characterized by little values of α. Székely and Rizzo (2004) suggests that distributions are significantly different when α < 0.1.
We found that the rotational properties of R type Hilda asteroids differ very significantly from that of Main Belt asteroids (α=0.001). Moreover, the rotation properties of Hilda asteroids are seemingly farther from the main belt than that of the Trojans from the main belt (this latter test for different background distribution had a α=0.01 value). The period-amplitude This comparison results in a somewhat surprising picture. The R group of Hilda asteroids (D and P type for taxonomy) follows a similar period and amplitude distribution as the Jovian Trojans, which is an indication of their origin from the Trojan swarms, and that later they preserved the initial rotation properties. On the other hand, the period and amplitude distributions of the LR group (mostly C and X type) Hilda asteroids also resemble that of the Trojan asteroids, and not the main belt. This can either mean that (1) there is a recognisable distribution of rotation periods and amplitudes in the Hilda group, and all asteroids evolved to this distribution by now, regardless of their origin; and this distribution is close to that of the Jovian Trojans; or (2) all types of Hilda asteroids could preserve their original rotation properties, but the LR type Hildas originated from a part of the outer Main Belt where the rotation amplitudes and periods were unlike in the major part of the Main Belt, but very close to the Jovian Trojans instead; (3) the K2 observations of Main Belt asteroids covered a shorter average time span and is truncated for very slow rotation periods, preventing us from directly comparing the K2 Hildas and Trojan asteroids. The answer has to be postponed to later surveys such as the Solar System objects in TESS data, or the LSST.
Hilda asteroids with double periods
In the K2 sample we found an unusually high ratio of asteroids with double periods. Similar observations of double periods are usually interpreted as an outcome of a double asteroid, or a single asteroid in the state of tumbling (Paolicchi et al. 2002) .
Asteroid tumbling is explained by the misalignment of the axis of instantaneous rotation and the angular momentum vector. Therefore, the axis of the instantaneous rotation traces the herpolhodie cone (with the axis of symmetry being the angular momentum vector), and the axis of maximal inertia (c axis in the triaxial shape approximation of the body shape) traces along the nutation cone (whose axis of symmetry is also the angular momentum vector, but the cone angle can be different). Thus, the body can be interpreted as rotating around two axes, and two periods are observed in the light curves.
Asteroid tumbling is damped by tidal forces from distant bodies and internal stress waves (Paolicchi et al. 2002) . The tumbling state of a free Solar System body ceases in the time scale of 10 5 yr, and is considered to be a transient state of rotation. Tumbling can be straightforwardly triggered by an energetic impact between asteroids. It has to be noted that the YORP effect can also excite tumbling, and since YORP can act continuously, this kind of tumbling does not decay (decays or excites slowly together with the YORP induced evolution of the rotation axis (Slivan et al. 2009) ).
Another usual reason of a second period is a large companion around the asteroid. We can observe the rotation of the two bodies as two periods in the light curve if the companion is not much smaller than the primary body.
In the case of the tumbling, the period ratio depends on the moments of inertia, the period ratio equals (Ω 3 /Ω 1 − 1)(Ω 2 /Ω 1 − 1). From the large size and the low observed amplitude (0.12-0.17) of the Hilda asteroids with double periods, likely Ω 2,3 are close to Ω 1 , and the ratio of the rotation and precession periods are predicted to differ significanlty. Indeed, the observed period ratios are roughly 3, 5 and 7.2 for asteroids 236209, 90704 and 174077, respectively, which is compatible with tumbling.
The binarity scenario cannot be excluded either, because the fast signal in the light curves can be considered as the rotation of the main body, while the period of the slow signals are compatible with the bound revolution of a companion. Most importantly, in the case of 236209 and 90704, where the period ratios are very close to integers 3 and 5, respectively, pointing towards a possible spin-orbit resonance.
In the case of a very long period asteroid (20628) 1999 TS40, P≈320 h, only two rotation cycles were observed, but the notable light curve variations are characteristic of a tumbler asteroid. The tumbling nature of (20628) 1999 TS40 was first proposed by Pravec et al. (2005) , later debated by Pravec et al. (2014) but con-firmed by (Warner & Stephens 2018) . The long period continuous light curve of K2 proves the long time systematic light curve variations, as an evidence for tumbling.
All tumblers have been identified in SDSS (90704 1988 RO12, 174077 2002 FP21, and 236209 2005 WT122, besides of the above discussed 20628 1999 TS40). Of the tumblers, (236209) 2005 WT122 is the only LR-type Hilda asteroid, while the three other tumblers belong to the R group.
We identified one asteroid, (57027) 2000 UB59, that is most likely an asynchronous binary, i.e., a larger primary with a small companion, and the rotation of the larger component has not synchronised with the orbital period.
The light curve of 57025 shows both a fast, rotation-like signal (P rot = 4.80 h), and a longer variation characterized by short, distinct eclipses, with a maximal depth of 0.12 mag (P orb = 25.80 h).
Hilda asteroids with triple light curve symmetry
In the K2 Hilda sample, we found 4 asteroids exhibiting a trimodal light curve with three humps (three minima and three maxima) during one rotation: 1748, 3655, 60381, 249182. (We note that C08 observations of 185290 can also be better interpreted as three humps with 85 h rotation period, while C13 observations are more symmetric, can be compatible with either 57.5 or 85.3 h period.) Majority of light curves with two minima/maxima in one cycle can be well fitted with a rotating ellipsoid, but these trimodal light curves represent a prominent deviation from the usual case. The simplest shape that can be seen to generate a trimodal light curve is a tetrahedron with an inclined aspect of the rotation angle and/or phase angle of incident light. Such shape is not necessarily built up by mergers, but a merger outcome can be similar. Therefore, the large fraction of light curves with three humps can also be a sign of a significant fraction of binary asteroids and merged asteroids in the Hilda group.
Hilda asteroids with very long periods
As presented in Fig 3 and Table 1 the Hilda period distribution has a very heavy wing towards long periods. Indeed, the distribution (Fig. 3) indicates that a notable characteristic of the rotation properties is the surprisingly large fraction of long-period Hilda asteroids. About 38% of K2 Hildas have P rot ≥ 30 h, and 18% of Hildas reside in the P rot >100 h regime. A similar overpopulation of slow rotators was observed in the Jovian Trojan K2 sample. On the contrary, none of the 120 Main Belt K2 asteroids showed a rotation period above 100 h (see also Table 1.).
In Szabó et al. (2017) we concluded that the Trojan swarms contain a considerable fraction of unusual asteroids -slow rotators, tumblers and trimodal light curves -implying a large number of binaries in the Trojan swarms. Although the rotation periods and amplitudes are very similar in the case of Hilda and Trojan asteroids, it is interesting that the ratio of unusual asteroids is even larger in the Hilda group than in the Trojan swarms, the most significant difference is the rich population of long period asteroids especially in the case of very slow rotators (P > 100 h) in the Hilda group which is true in total numbers, Fig. 3 . lower panel, and also true in the overlapping size region, Fig. 3 upper panel. These findings suggest a general similarity of Trojan and Hilda asteroids for dynamical properties, but, interestingly, the binary fraction in the Hilda group is likely even larger than in the Trojan swarms. The same was concluded by Sonnett et al. (2015) from NEOWISE data, which we confirm from K2 observations. At least from this aspect, the Hilda group is not an intermediate mix between the Trojans and the Main Belt, but it represents the end of the range.
SUMMARY
In this paper we analysed 125 individual light curves of Hilda asteroids from the K2 mission, and concluded the following results.
• The period-amplitude distribution of Hilda asteroids is very similar to the Trojan populations. In fact, rotation properties of Hildas and Trojans are statistically indiscernible.
• The rotation parameters of Hildas are distinctly different from that of the Main Belt, as there are only a low number of fast rotator Hildas, however, this ratio in even lower for the Jovian Trojans. This is also true for LR type Hildas, although they are expected to originate from the Main Belt.
• Both Hilda subgroups with Trojan-like (R group, D and P) and Main Belt-like (LR group, C and X) taxonomy share very similar rotation properties.
• The median rotation period of K2 Hilda asteroids is 20.7 hours, the mean period is 54.8 hours.
Both values prominently exceed that of the known Main Belt asteroids. There is an unprecedentedly large fraction (≈ 18%) of extreme slow rotators (P > 100 h).
• We found 4 asteroids with double periods, where binarity is the most reasonable explanation in 2 cases. The other 2 cases can be a result of either binarity or tumbling. • We identified 5 asteroids with three maxima in the light curve.
• We found that the binarity rate of Hildas is among the highest in the asteroid belt, likely exceeding that of the Trojan swarms, too.
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Software: FITSH (Pál 2012), gnuplot APPENDIX Table 3 . Hilda asteroids observed by K2, ordered by the campaign of the observation. The columns are: (1) the number and name/designation; (2) the reference to the K2 campaign when the asteroid was observed; (3-4) start and end date in Julian Date; (5) the length of obervations in days, (6) the number of frames where the asteroid was detected; (7) the duty cycle of the observations (ratio of useful cadences and all cadences over the time span of the observations); (8) the r heliocentric distance in AU; (9) ∆ K2-object distance in AU; (10) Table 3 continued Table 4 continued 
